ABSTRACT
Introduction
Coelogyne cristata which belongs to the family Orchidaceae has high ornamental value as a cut flower. It produces its graceful racemes of white flowers with yellow splotches on the throat, and has a long lasting and fragrant scent. In Myanmar, the pseudobulb of Coelogyne cristata is used in making traditional medicine for dysentery and diarrhea. However, wild orchids including C. cristata in Myanmar are nowadays steadily decreasing due to over collection of orchid hunters, shifting cultivation, extension of crop cultivation and urban development, which is causing loss of their natural habitats and is leading to extinction. Thus, it is essential to take measures to conserve their germplasm and to reveal efficient propagation protocols to allow for the continuous large supply of materials for medicine. However, there is no report on plant regeneration through somatic embryogenesis in C. cristata. The process has been induced in tissue cultures of orchids either directly from the epidermal cells of explants [1] [2] [3] or indirectly via intervening callus [4] .
The phenomenon of somatic embryogenesis via callus is rather rare as success of callus formation in orchids has limitations due to slow growth and a tendency to become necrotic [5, 6] . Especially, callus formation from leaf explants of orchids has been and is the rarest even now. Even when callus induction was achieved, the frequency of callusing might have been ultimately low and the callus was difficult to maintain and eventually failed to survive. Even when plant regeneration from callus of orchids was achieved, it usually occurred via protocormlike-bodies PLBs [6] [7] [8] . Therefore, success of somatic embryogenesis via callus culture is interesting in plant regeneration of orchids. This study presents optimal concentrations of 2,4-D and BA for callus formation and high formation of somatic embryos from the culture of leaf derived callus in Coelogyne cristata using different kinds of media and AC
Materials and Methods
Mature capsules of Coelogyne cristata were collected from Mingalardon Orchid Farm in Yangon, Myanmar. The capsules were washed thoroughly under running tap water. Then they were sterilized by immersion in 70% ethanol for 10 seconds and flamed for a short time. After they were dissected longitudinally, seeds were isolated and sown on Hyponex (HP) basal media for in vitro ger-mination for 3 months. The germinated plantlets about 1.0 cm in height were transferred to Murashige and Skoog (MS) basal media supplemented with NAA 1.0 mg·L -1 and BA 2.0 mg·L -1 for plant growth. After 2 months of culture, leaves of the in vitro plantlets become the explants source to conduct further experiments.
Effect of PGRs and Coconut Water on Callus Induction from Leaf Segments
Leaf segments of about 3 -5 mm in length were used as explants. For investigations on the effects of coconut water (5% v/v) (MB cell, Seoul, Korea) and plant growth regulators (PGRs) on callus induction, various combinations of 2,4-dichlorophenoxyacetic acid (2,4-D; 0, 1.0, 2.0 and 3.0 mg·L -1 ) and benzyladenine (BA; 0, 1.0, 2.0 and 3.0 mg·L -1 ) were added to MS basal media. Each experiment consisted of 10 explants with three replications. The culture vessels were placed in dark conditions for 12 weeks and forming calli were recorded.
Effect of Media and AC on Somatic Embryogenesis
To examine the effect of media and AC on somatic em- 
Plant Regeneration
Single plants derived from the above experiments were transferred to half-Murashige and Skoog 1/2 MS basal medium supplemented with 1 g·L -1 AC for plant regeneration. Regenerated plants were transplanted and acclimatized in the greenhouse.
For all cultures, percentage of sucrose and agar was 3.0 and 0.8% respectively. The pH of medium was adjusted to 5.8 before adding agar. Data were analyzed by DMRT (P > 0.05).
Results and Discussion
Developing somatic embryogenic culture systems with reliable regeneration capacity from ornamental plants is a prerequisite for mass propagation and their genetic improvement. Studies were being intensively made to develop a protocol for somatic embryogenesis. The process can be induced in tissue cultures of orchids either directly from the epidermal cells of explants [1] [2] [3] or indirectly via intervening callus [4] . In this study, somatic embryogenesis was induced indirectly through callus culture.
In general, formation of callus in orchids is rather difficult due to its slow growth and necrotic tendency, especially, success of callus induction from leaf segments is the rarest. In this study, when leaf segments were cultured on the hormone free medium they became swollen, and followed by initiation of a callus mass was visible from the wound edges of leaf segment after 4 weeks of culture. The calli were granular, whitish to light yellow and comprised of isodiametric cells. Higher frequencies of callus induction from explants were obtained on the basal media supplemented with various concentrations of 2,4-D and BA (Table 1) . However, ratios between concentrations of 2,4-D and BA were significantly associated with percentages of survival of explants and callus formation. On the contrary, either the lowest concentration of 2,4-D and the highest concentration of BA or a higher concentration of 2,4-D and lower concentration of BA showed synergistic effects on callus induction from leaf segments. Of the combinations of 2,4-D and BA tested, 2 mg·L -1 2,4-D and 2 mg·L -1 BA were found as optimal concentrations for the best callus induction (40.0%). The color of callus induced from each combination was slightly changed from whitish to yellow and most yellow callus showed granular type. However, callus mass obtained from highest concentrations of 3 mg·L -1 2,4-D was reddish yellow in color. Addition of CW to the same media containing 2,4-D and BA, frequencies of callusing were relatively low as compared to those on the media devoid of CW. Almost all of the leaf segments died on CW containing media. However, percentage of callusing was stable on the media containing concentration of 3 mg·L -1 2,4-D and 1 mg·L -1 BA as devoid of CW. Recently, combinations of 2,4-D and TDZ have been reported for the callus induction of ornamental plants including some orchid genera, Cymbidium [7] , Vanda coerulea [9] , Cypripedium formosanum [10] . However, BA alone or in combination with 2,4-D totally inhibited callus induction in Paphiopedilum hybrid [11] . Similarly, [12] mentioned that the combination of 2,4-D and BA could not effectively induce callus from leaf segment in Phalaenopsis. In the present study, combination of 2,4-D and BA has successfully induced callus from leaf segments within a short period of time. However, the presence of CW inhibited callus induction from leaf segment in this species. A similar result was observed in Phalaenopsis [12] . It is clear that CW has an inhibitory effect on callus induction from leaf segments of orchids. Ac-cording to our findings in this study, exogenous hormones are quite important for callus induction and no effect of CW was observed on callus induction from leaf segments in this species.
According to the results shown in Table 1 , the lines (No. 4, 6, 8) showed better callus formation. Thus, plant regeneration through the lines should be critically considered. Although plant regeneration through organogenesis of callus culture has been fully developed in some orchids, efficient protocol for embryogenesis through callus culture of orchids still has been quite limited. Therefore, pieces of callus originating from the above callus lines (4, 6, 8) without CW were separately cultured on MS and 1/2 MS basal media supplemented with different concentrations of AC (1 -3 g·L -1 ) to ex- Means within the same letter are not significantly different by DMRT (P > 0.05).
amine somatic embryogenesis of the callus lines. Degrees of somatic embryogenesis were totally affected by callus lines and media. In general, explants from all callus lines cultured on 1/2 MS basal media responded with embryo formation well. However, percentages of embryo formation and the number of embryos were distinctly different along with the callus lines used. Line 4 callus responded formation of embryos in all treatments when they were cultured on 1/2 MS medium. However, the highest number of embryos per explants (30.3) was recorded on the media with 2.0 mg·L -1 AC. When line 6 callus was used, the maximum average number of embryos completely decreased (15.0/explant) and the optimum concentration of AC was varied. Culture of line 8 callus on the same media responded with a lower average number of embryos than that of line 6. Although the callus lines originated from the same origin, the line 8 attained from the highest concentration of 2,4-D (3 mg·L -1 ) was the lowest capacity for embryogenesis and also required the highest concentration of AC (3 g·L -1 ) for optimum induction of somatic embryos. It seems that the effect of higher concentration of 2,4-D inhibited positively on somatic embryogenesis of later experiments. Many workers also reported that the higher concentrations of 2,4-D distinctly suppressed somatic embryo formation in Oncidium [1, 2] and in Phalaenopsis [13] . The presence of 2,4-D in the culture medium seemed to inhibit somatic embryogenesis in Citrus [14] . Thus, lower concentration of 2,4-D should be used in callus induction to occupy higher somatic embryo formation capacity. As we discussed here, callus obtained from hormone free medium might have the highest somatic embryogenesis capacity as compared to those obtained from 2,4-D containing media.
On MS medium, formation of embryos was rarely observed from line 4 and line 6 calli and formation frequency and number of embryos per callus were extremely low as compared to those on 1/2 MS medium. 2, 3 and 4) , respectively. According to our findings herein, 1/2 MS medium induced a higher number of somatic embryos (12 to 30 per explant) as compared to MS media where the number of embryos was 2 to 4 per explant. The obtained embryos passed through the developmental stages, firstly the embryogenic callus produced localized groups of cells, which differentiated into embryogenic forms on the peripheral region of the cluster old callus, showed induction of rhizogenesis and trichome after 20 days of culture Means within the same letter are not significantly different by DMRT (P > 0.05).
( Figure 1(a) ) and finally the process subsequently continued leading to formation of somatic embryos ( Figure  1(b) ). After 10 days of culture, the somatic embryos became mature, green plumules emerged and completely differentiated into individual plants. Roots with clear visible root-cap and root-hairs were observed (Figures  1(c) and (d) ). Addition of higher concentrations of AC to 1/2 MS medium showed even root and embryos formation from the embryogenic clumps. In contrast to lower concentration of AC, formation of roots was much higher than formation of embryos and the roots gradually died. No morphological differences were found among the embryos of callus lines cultured on 1/2 MS medium. However, there was slight morphological variation between embryos obtained from MS and 1/2 MS media. It was found that there was no roots formation from embryogenic callus clump cultured on MS medium containing AC and obtained embryos seemed slow and had poor growth, and did not differentiate into individual plantlets until 8 weeks of culture. Plants obtained through somatic embryogenesis of leaf derived callus cultured on 1/2 MS media were almost uniform and looked quite healthy.
Recently, AC has been reported on somatic embryogenesis of some plants, Castanea dentata [15] , Vitis spp. [16] , Myrciaria aureana [17] . However, using AC for somatic embryogenesis in orchids is considerably rare. In this study, AC could effectively stimulate formation of somatic embryos in each line cultured on 1/2 MS media.
Plant Regeneration
The 1.0 cm high individual plants from multiple shoot clusters were separated after 8 weeks of culture on above media and transferred to 1/2 MS basal medium supplement with 1 g·L -1 AC for rooting and shoot growth. After 2 weeks, formation of roots from each plant cultured on the medium was distinctly observed. They grew faster and became 4-cm-high plants within 8 weeks of culture. Then, these plantlets that bore over 7 roots were transferred to small plastic pots containing moss and bark (2:1) and acclimatized in the greenhouse. Cultural requirements such as watering, temperature control and fertilization were done as necessary.
In conclusion, somatic embryos were indirectly induced from leaf derived callus. Application of the callus was appropriate for somatic embryogenesis in this species. Formation of callus was achieved on MS medium supplemented with 2,4-D and BA combinations. Callus obtained from lower concentration of 2,4-D combination was revealed to have a greater potential for the phenomenon of somatic embryogenesis on 1/2 MS medium with 2 mg·L -1 AC. Healthy plants developed through somatic embryogenesis survived well when transplanted in the greenhouse. This protocol is simple, easy to carry out and can provide a large number of embryos and plants for mass propagation in a short period of time. We expect that this ability will also open up the prospect of using biotechnological approaches for Coelogyne cristata improvement. 
